The characteristics of 4 closely related bacteriophages of halotolerant, collagenolytic strains of Achromobacter isolated from cured hides are described. All phages cause lysogenic conversion. Achromobacter sp. 2 is shown to be a cryptic lysogen for phage ~3 and has a low rate of spontaneous liberation which can be increased by treatment with mutagens. An explanation for the cryptic lysogeny is proposed.
Bacteriophages of Achromobacter have not been previously described. We report the isolation and characterization of four Achromobacter phages. Achromobacter sp. 2 is shown to be stably lysogenic for a prophage which does not confer immunity to superinfection. This strain, therefore, belongs to the class of cryptic lysogens which are stable in the absence of functional repressor. Evidence is presented that the mechanism of cryptic lysogeny does not involve a prophage deletion but is similar to that described by Krizsanovich (I973) in Proteus mirabilis.
Methods and media were as described by Thomson & Woods (I973) . The halotolerant, collagenolytic hide bacteria included Achromobacter spp. I to 8 (Thomson, Woods & Welton, 1972) , A. iophagus (Welton & Woods, 1973 ) and a further I I Achromobacter strains. Bacteriophages for Achromobacter are rare and only four were isolated. Phage ~I was isolated from the supernatant fluids of thirty hide soak solutions (Thomson et al. 1972) . Phage c~3a was isolated from one spontaneous plaque on 250 lawns of Achromobacter sp. 2. For u.v. induction of the 20 Achromobacter strains (Krizsanovich, 1973) a Hanovia lamp with an output of 7"2 ergs mm 2 sec-1 was used. Phage c~2 was induced from Achromobacter sp. 9 and ~3b from Achromobacter sp. 2. Each phage plated only on Achromobacter spp. 2, 3 and 4 giving turbid plaques with distinct cloudy centres.
Electron micrographs of high titres of phage (Brenner & Home, 1959) showed that all had hexagonal heads with no visible neck ( Fig. 0 . The tail lengths varied slightly: ~I, 3009 A; e~2, 3867 A; ~3a, 3450 A and o~3b 3178 A. The proximal half of the tail showed cross striations and short tail fibres originated near the tip. Phage nucleic acid was shown to be 2-DNA by the acridine orange staining method of Bradley (I966) and the Burton modification (Burton, I956) of the Dische diphenylamine method. Base compositions of the DNA samples (Table I) were calculated from their thermal denaturation temperatures (Marmur & Doty, 1962) . For antiphage serum preparation concentrated phage was further purified by zone electrophoresis (Poison & Russell, I967) . The neutralization constants of the antiphage serum obtained from injected rabbits (Eisenstark, I967) showed that the phages were closely related serologically (Table I) . Single-step growth curves (Eisenstark, i967) revealed characteristic long latent periods (Table I ). The phages plated with very low efficiencies on partially resistant, non-lysogenic bacteria isolated from turbid plaques. Samples of high titre phage (c. lo 11 p.f.u./ml) were unstable when stored at 4 °C in the presence of chloroform, showing a loss of infectivity of two logs after one week. Under these conditions stability was maximal between pH 7 and pH 8. The kinetics of phage inactivation at 60 °C in phage buffer pH 7"8 (Eisenstark, I967) were biphasic (Fig. 2) , suggesting the presence of two components of different heat sensitivity (Wilkowske, Nelson & Parmelee, I954) . The phages were relatively resistant to u.v. inactivation (Table I) . Further study of the response to u.v. by ~3a (Krizsanovich, i973) showed that free phage was more resistant to irradiation than vegetative phage (Fig. 3) . The kinetics of inactivation in both cases were one-hit and biphasic. This is similar to phage P22 (Garen & Zinder, I955) but different from Proteus mirabilis phages (Krizsanovich, I973). In order to determine whether Achromobacter sp. 2 was irtducible and thereby explain the origin of ~3a and c~3b , forty samples of this strain were tested for induction by u.v. irradiation. Mitomycin C (MC, Calbiochem., San Diego, California. B grade) and N-Methyl-Nnitroso-N'-nitroguanidine (nitrosoguanidine, NG; Koch-Light Laboratories, England) induction was performed on IO ml log phase cells incubated for 3 h with 5 #g/ml MC or 3 #g/ml NG and on 400 ml log phase cultures containing 2"5/zg MC/ml or 3/~g NG/ml incubated for 5 h and 9 h, respectively. Supernatant fluids of the 4oo ml cultures were purified and concentrated by cycles of differential centrifuging and tested for phage. Controls were carried out without the addition of MC or NG. Temperature-sensitive inducible prophages were investigated by incubating lawns of Achromobacter sp. 2 at 25 °C and 42 °C.
Induction by ageing was tested by incubating cultures for 3 weeks at 3o °C and testing supernatant fluids for phage. Only treatment of 400 mt cultures with MC and NG resulted in the induction of phage. The high titres obtained (4 x ~o 1 to 5"3 x lO 5 p.f.u./ml) were due to the phage being able to re-infect its parent strain. Controls of untreated 400 ml cultures were shown to be free of phage when assayed and examined electron-microscopically. Phages c~3a and ~3b both originated from Achromobacter sp. 2 by rare events, but as phage can be induced by MC and NG, the possibility of phage contamination is eliminated. The induction of Achromobacter sp. 2 yielded phages which were not distinguished as either ~3a or ~3b and are, therefore, referred to as ~3. They are very similar and it is concluded that they are variants of the same cryptic prophage of A chromobacter sp. 2. This strain, with its very low frequency of spontaneous and u.v. inducibility and sensitivity to superinfection, may be termed a cryptic lysogen (Fischer-Fantuzzi & Calef, 1964) . Cryptic lysogens have been isolated from a number of bacterial species (Krizsanovich, I973). Most are due to extensive deletions including the repressor gene or the site of action of the immunity repressor. They are not inducible but can be recovered by superinfection with related phage. Cryptic lysogeny in Aehromobacter sp. 2, as in Proteus mirabilis (Krizsanovich, 1973 ) must have a different cause for, although the cryptic prophage does not synthesize repressor, vegetative ~3 can be recovered and lysogenize the parent strain. The repressor gene must, therefore, be present but only expressed by the vegetative phage. The MC and NG inducibility of the cryptic lysogen argues against an extensive prophage deletion. A simple explanation is that of Krizsanovich (I973), whereby a defective enzyme necessary for prophage excision and/or vegetative phage development is produced by the cryptic prophage and can be reverted or suppressed by mutagens. Lack of functional repressor in the cryptic lysogen could be due to the phage integration site lying within the repressor gene and causing its disruption.
From the colonies in the centre of turbid plaques, stable lysogens were isolated which were u.v.-inducible and immune to superinfection by all four phages. The phages caused lysogenic conversion preventing lysogens from re-adsorbing phage. These strains may thus be referred to as double lysogens. The reconstitution of the repressor gene in double lysogens may be caused by superinfecting phage lysogenizing in tandem with the cryptic prophage.
